Purpose. To determine whether caregiver burdens are associated with lifestyle behaviors 1 year following the hospitalization of a family member with cardiovascular disease (CVD).
Patients hospitalized with acute cardiovascular disease (CVD) (e.g., myocardial infarction or coronary revascularization), often require assistance with health-related tasks, such as daily activities, doctor visits, and/or medication, after discharge. 1 It is estimated that more than one-half of hospitalized CVD patients plan to have an informal caregiver, such as a spouse or other family member, assist them. 1 Caregiver burden is a term used to describe the weight or load carried by caregivers as a result of adopting the caregiver role. 2, 3 Informal caregiving for patients with chronic illness has been associated with increased caregiver burden. 4 As many as 3 out of 10 caregivers in the United States consider their caregiving to be emotionally stressful. 5 Research conducted among caregivers for elderly and dementia patients has shown caregiver burden to be inversely associated with health promoting lifestyle behaviors, such as regular exercise, good nutrition, and routine medical follow-up for themselves. [6] [7] [8] [9] Less is known about the link between caregiver burden and achievement of healthy lifestyle behaviors among informal caregivers for CVD patients. 10 However, being a caregiver his been associated with increased CVD risk. 5, 11, 12 Family members of CVD patients may be at increased risk of CVD themselves, in part because of genetic and/or lifestyle habits shared with the patient. 13 Achievement of evidencebased lifestyle practices (i.e., diet and physical activity) is a key step in primary CVD prevention in this population. Evaluation of the association between caregiver burden and achievement of healthy lifestyle among family members who provide informal caregiving to CVD patients is important, because a link would implicate caregiver burden as a potential mediator of CVD risk in families. The purpose of this study was to examine the prevalence of caregiver burden, and the association between caregiver burden and achievement of hearthealthy diet and physical activity practices, among family members who provide caregiving to CVD patients.
METHODS

Design
This was a 1-year nonexperimental prospective analysis of data provided by participants in the Family Intervention Trial for Heart Health (FIT Heart), a randomized controlled trial that enrolled family members of CVD patients admitted to NewYork-Presbyterian Hospital/Columbia University Medical Center, between January 2005 and June 2007 and collected 1-year follow up data from January 2006 to June 2008. 14 Primary outcome analyses of the FIT Heart randomized controlled trial showed that a screening and educational intervention for family members of CVD patients, provided at the time the patient is hospitalized, was effective at improving risk factors and lifestyle 1 year later. 14, 15 
Sample
All FIT Heart participants who completed baseline and 1-year follow-up, including assessment of caregiver status, were included in this analysis (n 5 423; 85%). Participants were Englishand/or Spanish-speaking adults (67% female; mean age 48.7 6 13.5 years) who had a family member admitted to the hospital with CVD. A family member was defined as a blood relative or spouse or other individual (e.g., adopted son/daughter) who was living with the CVD patient or who had cohabitated with him/her for a minimum of 1 year within the previous 5, or for 10 or more years in the past. The majority of participants (78%) were formally educated beyond the high school level. More than one-third (36%) were racial/ethnic minorities, of whom more than one-half were born outside of the United States. 16 Exclusion criteria were established as CVD, diabetes, active liver disease, chronic kidney disease, life expectancy fewer than 5 years, current or planned pregnancy, prescription of a diet noncompatible with National Heart Lung and Blood Institute Therapeutic Lifestyle Changes diet recommendations, 17 or participation in a clinical study within 3 months of randomization. All subjects completed written informed consent and Health Insurance Portability and Accountability Act procedures prior to study participation. The study was approved by the Institutional Review Board of Columbia University Medical Center.
Measures
Caregiving and Caregiver Burden. Caregiving was assessed by self-report using a standardized survey question at 1-year follow-up. Participants were asked, ''To what extent were you involved in the posthospitalization care (such as assistance with daily activities, doctor visits, and/or medication) for the family member who was hospitalized at New-York-Presbyterian Hospital when you enrolled in the FIT Heart study?'' Participants selected from the following answers: (1) I was the primary caregiver, (2) I cared for the patient most of the time, (3) I cared for the patient some of the time, (4) I cared for the patient occasionally, (5) I was not involved in posthospitalization care for the patient, or (6) unsure/no answer/not applicable (e.g., patient deceased during hospitalization). For this study, those who selected answer number 1 or answer number 2 were considered frequent caregivers and a primary focus of analysis.
Caregiver burden was evaluated using the Caregiver Strain Questionnaire at 1 year. 18 The questionnaire consists of a list of 13 items (''burdens'') that people providing care to adults have encountered in relation to their caregiver roles and responsibilities, such as time demands, disturbance in sleep, and physical strain. There are one or more items in the questionnaire for each of the following major burden domains: employment, financial, physical, social, and time. 19 Participants endorsed each of the 13 burdens as yes or no. Yes responses were summed to calculate Caregiver Strain Index scores (range 0-13). 18 Positive response to seven or more burdens indicates a greater level of stress. 18 The Caregiver Strain Index has demonstrated internal consistency among items (a 5 .86) and has been validated in heart patients against measures of perceptions of the caretaking relationship by caregivers and emotional health of caregivers. 18 Lifestyle Factors. The diet endpoint of interest was percentage of kilocalories from saturated fat. Participant diet was assessed using the Block 98 Food Frequency Questionnaire (FFQ). The Block 98 FFQ has been validated in diverse populations, [20] [21] [22] [23] [24] and is designed to estimate usual intake of a wide array of nutrients, including saturated fat. 25 Individual portion size is asked for each food, and participants are provided with pictures to enhance accuracy of quantification. 25 The Block 98 FFQ has been demonstrated to have high reliability (r 5 .72), and validity against 24-hour recall data (r 5 .41) for the measurement of dietary saturated fat. 20 Heart-healthy diet for CVD primary prevention was defined as consuming fewer than 10% of daily calories from saturated fat. 26 Percentage of daily calories from saturated fat was determined using nutrient and calorie estimates yielded through processing of the Block 98 FFQ (NutritionQuest, Berkeley, California) and calculated using the equation ([g saturated fat/ d][9 cal/g])/(cal/d).
Physical activity was assessed at 1 year using standardized questions adapted from the validated Behavioral Risk Factor Surveillance System (BRFSS) survey. 27 BRFSS questions have been shown to have good reliability to measure moderate to vigorous intensity physical activity (k 5 .35-.53 and k 5 .80-.86, respectively) as well as validity against accelerometer measurements (k 5 .31 and k 5 .17, respectively). 28 Participants were asked, ''At least once a week, do you engage in any regular physical activity (brisk walking, jogging, bicycling, etc.) long enough to work up a sweat?'' and, if yes, ''How many days per week do you engage in physical activity that works up a sweat?'' Results were recorded as number of days per For individual use only. Duplication or distribution prohibited by law.
week. Heart-healthy physical activity was defined as engaging in physical activity on most ( §4) days of the week. Demographics, education level, and other characteristics were obtained from participants at baseline and 1 year by standardized questionnaire. All study forms were available in both English and Spanish and research staff were bilingual English/Spanish-speaking.
Analysis
Data were double entered and ranges and distributions were evaluated for outliers. Participants with extreme caloric intake values (defined as ,500 or .3500 kcal/d in women and ,800 or .4000 kcal/d in men based on published guidelines 29 ) were excluded from analysis (n 5 16). Participant characteristics are presented using means for continuous variables and proportions for categorical variables. Caregiver status, caregiver burdens, and diet and physical activity behaviors are presented using proportions.
Categorical associations between baseline characteristics and caregiver status at 1-year follow-up, and between each caregiver burden (yes versus no), elevated Caregiver Strain Index ( §7 versus ,7), and diet and physical activity at 1-year follow-up are evaluated by x 2 analysis. Logistic regression was used to assess potential confounding of the association between caregiver burden and diet and physical activity by caregiver age, gender, race/ethnicity, education level, and assignment to the intervention arm in the FIT Heart randomized controlled trial. All analyses were performed using SAS statistical software (version 9.1, 2002-2003, SAS Institute, Cary, North Carolina). Significance was set at p , .05.
RESULTS
Characteristics of study participants are summarized in Table 1 . One year after discharge of the CVD patient, fewer than one-half of patient family members were consuming ,10% of daily calories from saturated fat and fewer than one in three were participating in physical activity 4 or more days per week.
Most patient family members reported that they provided caregiving for the CVD patient during the year following hospital discharge ( Table 2) . Approximately 48% cared for the patient most of the time, or considered themselves to be the primary patient caregiver.
Frequencies of caregiver burdens and elevated Caregiver Strain Index score among family members who were primary/most of the time caregivers for the hospitalized CVD patient are presented in Table 3 . Changes in personal plans and time demands were the most commonly reported burdens. Additionally, sleep disturbance, emotional adjustments, and family adjustments were burdens reported by almost one-third of caregivers. The mean Caregiver Strain Index score was 3.5 (63.7).
Univariate associations between caregiver burdens, elevated Caregiver Strain Index, and lifestyle for CVD prevention 1 year after CVD patient discharge among primary/most of the time caregivers (n 5 205) are shown in Table 4 . Caregivers who reported feeling overwhelmed, financial strain, time demands, sleep disturbance, and/or upsetting patient behavior as caregiver burdens were significantly less likely to consume ,10% of daily calories from saturated fat compared to caregivers who did not report these burdens at 1 year. Caregivers who reported financial strain and/or upsetting patient behavior were significantly less likely to participate in moderate or greater intensity physical activity most days of the week or more compared to caregivers who did not report these burdens at 1 year. These associations retained both magnitude and significance after adjustment for assignment to the FIT Heart intervention arm, age, gender, race/ethnicity, and education level.
The link between caregiver burdens and lifestyle habits was observed to a lesser degree among family members who cared for the CVD patient only some of the time or occasionally; within this subgroup, feeling overwhelmed and sleep disturbance were significantly associated with not consuming a diet with ,10% of calories from saturated fat at 1 year (odds 
DISCUSSION
In this study of family members of hospitalized CVD patients, most participants identified themselves as caregivers. Time demands and sleep disturbance were two of the most common caregiver burdens reported. These burdens and others, as well as an elevated Caregiver Strain Index score, were significantly and independently associated with lower odds of consuming a diet with ,10% of daily calories from saturated fat at 1-year follow-up. Financial strain and upsetting patient behavior were two burdens linked to lower odds of exercising most days of the week at 1-year follow-up.
Prior research about prevalence of caregiver burdens among family caregivers for CVD patients is limited; however, it has been examined among coronary artery bypass graft (CABG) patients. 30 Similar to our findings, Halm and colleagues 30 found that family caregivers of CABG patients ranked providing emotional support, managing patient behavior, and additional household tasks as the most difficult burdens. More data are available on prevalence of caregiver burdens among family caregivers for physically dependent and/or mentally impaired elderly patients. Commonly cited caregiver burdens in this population also include burdens related to demands/restrictions on one's personal time and emotional adjustments related to caregiving. 6 Caregiver burden prevalence data from the present investigation are consistent with this previous research, with time demands and emotional adjustments ranked as frequent caregiver burdens.
Few studies have directly evaluated the link between caregiver burden and lifestyle habits among CVD patient caregivers. 31 Qualitative research conducted among caregivers for stroke survivors showed that most caregivers experience at least one lifestyle change. 32 The link between caregiver burden and health promotion has been studied more extensively among caregivers for elderly and/or dementia patients. Overall, research conducted in this population shows that caregivers practice fewer health promoting selfcare behaviors compared to noncaregivers, 33 and perceived caregiver burden is negatively correlated with self-rated physical health, self-care, and health promoting self care behaviors. 7, 8, 33 This is consistent with results from the present study linking increased caregiver strain with higher saturated fat intake.
Past work also suggests that caregivers for the elderly and/or mentally impaired who report higher objective caregiver burdens (e.g., ''less time'' for oneself, ''less money available'') participate in less exercise and caregivers with higher subjective caregiver burdens (e.g., it is ''painful to watch carerecipient age'') have poorer nutrition. 6 For individual use only. Duplication or distribution prohibited by law.
These results corroborate results from the present study, which linked objective burdens such as financial strain to lower physical activity levels and subjective burdens such as upsetting patient behavior to poorer diet 1 year after CVD patient discharge. In a nationally representative random-digit-dial survey of caregiving recently completed in the United States, it was shown that greater than one in three households have an informal caregiver providing assistance to a patient, and that CVD is a top health issue addressed by caregivers (following old age, Alzheimer's, cancer, and mental illness). 5 Recent research completed by our study team documents that more than half of patients hospitalized with CVD plan to have a nonpaid caregiver after discharge from the hospital and that almost all nonpaid caregivers are family members. 1 Results from this study are in line with these national and inpatient data, indicating that a majority of family members surveyed provide some level of caregiving to the CVD patient, with approximately half providing primary caregiving or caring for the patient most of the time.
Prior work has documented an association between family caregiver strain and increased estimated risk for stroke, 5,12 coronary heart disease, 11 and overall mortality. 34 This study is one of the first to link caregiver burdens to measured health promoting lifestyle behaviors in CVD patient family caregivers. 10 Adherence to nationally recommended prevention activities (such as heart-healthy diet and regular physical activity) is known to have beneficial impact on CVD risk factors such as serum lipids, body mass index, and blood pressure. 17 Improved adherence to prevention activities, especially in atrisk populations, could prevent a high proportion of CVD events that are expected to occur among adults in the United States. 35 Identifying the role that caregiver burdens and lifestyle may play in the pathway between caregiving and CVD morbidity and mortality is a key step in developing health promotion interventions targeted to reduce risk among CVD patient family caregivers.
A strength of this study was inclusion of an ethnically diverse primary pre-vention population (including 36% racial/ethnic minorities and 67% females). This allowed us to examine caregiving burden in the context of a population at increased CVD risk and allowed for adjustment for common confounders such as gender, age, race/ethnicity, and education level. Heterogeneity of the sample with respect to age, race/ethnicity, and gender may increase generalizability of results to CVD patient caregivers in other acute settings. The data may not generalize to other settings or to noncaregiver populations. Caregiver burden and lifestyle behaviors were based on self-report, which is subject to recall bias; however, the use of standardized questionnaires and uniformly trained research staff reduces the likelihood of differential bias. Other relevant health behaviors (e.g., cigarette smoking, stress management) not assessed in this study may be important to assess in future studies of caregiving and health.
This research provides new information about the link between caregiver burdens and achievement of hearthealthy lifestyle habits among family members of CVD patients. Caregiver burdens were significantly associated with poorer diet and physical activity habits 1 year after patient discharge, suggesting suboptimal lifestyle habits could be a potential mechanism through which caregiver burden could increase CVD risk in caregivers. Caregivers may benefit from targeted interventions designed to cope with or lessen burdens, but this needs to be formally tested in future studies. When developing health promotion interventions to improve adherence to lifestyle recommendations, caregiver burden should be considered as a possible barrier to primary prevention among family members of CVD patients.
SO WHAT? Implications for Health Promotion Practitioners and Researchers
What is already known on this topic?
Caregiver burden is a term used to describe the stress experienced by caregivers as a result of adopting the caregiver role. Past research has linked caregiver burden to increased cardiovascular disease risk; however, mechanisms through which increased risk is conferred are not yet established.
What does this article add?
This article provides evidence that suboptimal lifestyle habits may be one pathway through which caregiver burden increases cardiovascular disease risk among family members of cardiovascular disease patients, a population known to be at increased risk for cardiovascular disease themselves because of shared genes and/or lifestyle habits. What are the implications for health promotion practice or research?
When developing health promotion interventions to improve adherence to lifestyle recommendations, caregiver burden should be considered as a possible barrier to prevention among family members of cardiovascular disease patients. For individual use only. Duplication or distribution prohibited by law.
